INTRODUCTION {#sec1-1}
============

Postoperative pain in children is difficult to assess and associated with strong emotional component, however undertreated. Caudal epidural anesthesia is a common technique providing intra and postoperative analgesia in pediatric infraumbilical surgical procedures\[[@ref1][@ref2]\] but with the disadvantage of short duration of action after single injection.\[[@ref3]\] Ropivacaine offers some advantages over bupivacaine, for example, less cardiac and neurological toxicity, less motor blockade and prolonged sensory analgesia.\[[@ref4]\]

Prolongation of caudal analgesia using a "single-shot" technique has been achieved by the addition of various adjuvants such as opioids,\[[@ref5][@ref6]\] ketamine,\[[@ref7][@ref8]\] clonidine,\[[@ref9][@ref10]\] and dexmedetomidine.\[[@ref10]\] However, their use has been limited by adverse effects in children. Opioids carry risk of postoperative respiratory depression and ketamine has the potential of neurotoxicity if inadvertently injected intrathecally.\[[@ref11]\]

Dexamethasone is a well-known corticosteroid with strong anti-inflammatory effects, started to be investigated for its analgesic efficacy. Epidurally administered dexamethasone could reduce the incidence and severity of postoperative pain in adults.\[[@ref12]\] However, up till now still there is some controversy concerning the route of administration whether regional or systemic\[[@ref13]\] and its additive analgesic effects if administrated as adjuvant. Also, there is no study concerning the use of dexamethasone, as an adjuvant agent for the caudal epidural block in children.

Recently, there is increasing interest to study magnesium analgesic effects.\[[@ref14]\] It has antinociceptive effects in human and these effects are primarily based on the regulation of calcium influx into the cell. Magnesium is a physiological calcium antagonist and blocks N-methyl-D-aspartate (NMDA) receptor and such NMDA antagonism prevents the central sensitization from nociceptive stimulation.\[[@ref15]\] Many studies\[[@ref16][@ref17][@ref18]\] suggested that epidurally administered magnesium as an adjuvant could reduce the postoperative pain in adults. But few studies\[[@ref19]\] are available about the use of magnesium as an adjuvant in caudal block for postoperative analgesia in pediatrics.

We performed prospective randomized double-blind study to examine the analgesic effect of dexamethasone or magnesium added to ropivacaine and ropivacaine alone in caudal analgesia on postoperative pain control in pediatric patients undergoing inguinal hernia repair.

MATERIALS AND METHODS {#sec1-2}
=====================

After obtaining Zagazig University ethical committee approval and informed parental consent was obtained for each case. A total of 105 American Society of Anesthesiologists I and II children, aged 1-6 years undergoing inguinal hernia repair were included in this prospective, randomized, double-blinded study. Patients were excluded from the study if they had a contraindication for caudal block including a hypersensitivity to any local anesthetics, magnesium sulphate or dexamethasone, known or suspected coagulopathy, any signs of infection at the puncture sites, or preexisting neurological disease.

The children were randomly assigned in three groups to receive, via caudal route in a double blind manner either, Normal saline 1 mL added to ropivacaine 0.15% 1.5 mL/kg (Group R, *n* = 35) or magnesium 50 mg in 1 mL normal saline added to ropivacaine 0.15% 1.5 mL/kg (Group MR, *n* = 35) or dexamethasone 0.1 mg/kg in 1 mL normal saline added to ropivacaine 0.15% 1.5 mL/kg (Group DR, *n* = 35).

After inhalational induction of general anesthesia, by an anesthetist who was unaware of the group allocation, with sevoflurane 8% and N2O in 50% O2 in spontaneous ventilation, the airway was secured by placement of an appropriate-sized laryngeal mask. Anaesthesia was maintained by 2.5%-3% sevoflurane in spontaneous ventilation. Caudal block was performed by the same anesthetist as follows: For caudal puncture a 5 cm short beveled 22 G caudal needle was used in the lateral decubitus position. After identifying the space using the loss of resistance technique with saline, the study solutions were injected slowly with repetitive intermittent aspiration. Intraoperatively, no additional drugs were given.

Surgery was allowed to begin 10 min after performing the block. The same urologist performed all surgical procedures. Standard monitoring was used during anesthesia and surgery. Heart rate and arterial pressure were recorded before operation and every 5 min until the end of surgery.

End-tidal sevoflurane concentration was adjusted according to clinical signs (arterial pressure or heart rate within 20% of baseline). After emergence from anesthesia, patients were managed by an observer blinded to group allocation in the postanesthetia care unit (PACU). Behavior during emergence was rated on a four-point scale:\[[@ref20]\] (1, calm; 2, not calm but could be easily calmed; 3, not easily calmed, moderately agitated or restless; and 4, combative, excited, or disoriented). Emergence time (the time from the end of surgery to opening the eyes on calling the patient\'s name), a delayed anesthetic emergence (considered if \> 20 min elapsed from the end of surgery to exiting the operating theatre), or all were also noted.

Postoperative pain was assessed at the end of surgery, 30 min, 1, 2, and 3 h after surgery and at the time of discharge from the PACU, and then every 4 h for the first 18 h after operation using the Children\'s Hospital of Eastern Ontario Pain Scale (CHEOPS, 0-10)\[[@ref21]\] and Faces Legs Activity Cry Consolability tool (FLACC, 0-10).\[[@ref22]\] Pethidine 1 mg/kg i.m. was administered as rescue analgesia in the PACU if two coupled observations separated by a 5 min waiting period yielded both CHEOPS and FLACC ≥4. The duration of adequate caudal analgesia (from the time of caudal injection to the first time, the CHEOPS and FLACC pain scale score were noted to be ≥4) was also recorded. Motor block in the lower extremity was assessed with a modified Bromage scale (0 = no residual motor block, 1 = inability to raise extended legs, 2 = unable to flex knee, 3 = unable to flex ankle).

After transferring to the ward, rescue analgesic consumption, pain scores, and adverse effects such as postoperative nausea and vomiting (PONV), respiratory depression, urinary retention, hypotension, and bradycardia were monitored by a staff nurse for 24 h. Analgesia was provided with oral paracetamol (15 mg/kg). The time to first supplemental oral paracetamol demand from the end of surgery to the first registration of a visual analog score (0-10) ≥5 was recorded. The time to first micturition after caudal injection and the incidence of bladder catheterization. The initiation of clear liquid and time of discharge home were also recorded.

Statistical analysis {#sec2-1}
--------------------

We calculated that 32 patients in each group would be needed to detect an intergroup difference in the average time to first rescue analgesic of at least 20% (α = 0.05, ß = 0.9). The sample size was increased to 35 patients in each group. Data were analyzed using SPSS for windows 12.0 (Chicago, IL, USA). Numerical variables were presented as mean ± standard deviation or median (95% confidence inerval) and categorical variables were presented as frequency (%). One-way analysis of variance was used for between-group comparisons of numerical variables, if its assumptions were fulfilled, otherwise for non-parametric; the Kruskal-Wallis test was used. Tukey\'s honestly significant difference test or the Mann--Whitney test was used, whenever appropriate iate, as *post hoc* tests. Chi-square test (x^2^) was used for between-group comparisons between categorical variables. A *P* value of 0.05 was considered statistically significant.

RESULTS {#sec1-3}
=======

Patients in the three groups were comparable regarding age, weight, sex distribution, and duration of surgery \[[Table 1](#T1){ref-type="table"}\]. Failure of caudal block was not reported in any patient. postoperative analgesia persisted for a longer duration in groups RM and RD, 8 (5-11) h and 12 (8-16) h, respectively compared with 4 (3-5) h in group R, with a (*P* \< 0.001) \[[Table 2](#T2){ref-type="table"}\]. The emergence time of group R was 3.8 ± 1.3 min and that of groups RM and RD was 4.2 ± 1.6 and 4.0 ± 1.5 min, respectively (*P* = 0.35). The emergence behaviour score of group R was 3.5 ± 0.4 min and that of groups RM and RD was 1.6 ± 0.3 and 1.5 ± 0.3 min, respectively (*P* \< 0.001) \[[Table 2](#T2){ref-type="table"}\]. Children in group R were restless and agitated compared with groups RM and RD children who were calm and cooperative.

###### 

Demographic data and duration of surgery. Data are mean±standard deviation. There was no statistically significant difference among the three groups

![](AER-8-13-g001)

###### 

Analgesia duration, emergence time, and emergence behaviour score. Data are median (95% confidence interval) or mean±standard deviation. \**P*\<0.001 compared with groups RM and RD. \#*P*\<0.001compared with group RD

![](AER-8-13-g002)

The incidence of rescue pethidine in the PACU and rescue oral paracetamol in ward was significantly higher in group R children compared with groups RM and RD children (*P* \< 0.01) \[[Table 3](#T3){ref-type="table"}\]. Nine of the 35 child in group R, four of the 35 in group RM, and two of the 35 in group RD received both fentanyl rescue in PACU and oral paracetamol in ward (*P* \< 0.01). The time to first oral paracetamol administration was significantly longer in groups RM and RD children (500 ± 190 and 730 ± 260 min), respectively compared with group R (260 ± 65 min) (*P* \< 0.001) \[[Table 3](#T3){ref-type="table"}\].

###### 

Postoperative rescue analgesics. Data are proportion (%) or mean±standard deviation. \**P*\<0.01 compared with groups RM and RD
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There was a significant difference between the groups in the CHEOPS and FLACC scores measured 4^th^ hourly in the postoperative period where group R patients achieved significantly higher CHEOPS and FLACC scores compared with Groups RM and RD patients which diminished after receiving rescue analgesic. Group RM children achieved CHEOPS and FLACC scores of 4 at 8^th^ hour, whereas Group RD children had CHEOPS and FLACC scores of 4 at 12^th^ hour of postoperative period and diminished after receiving rescue analgesic \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\]. Motor blockade assessed by modified Bromage scale was comparable between the three groups \[[Figure 3](#F3){ref-type="fig"}\]. The incidence of PONV and pruritus was comparable between the three groups. Shivering occurred in 7 (20%) Group R and in 6 (17%) Group RD compared with no patient in group RM (*P* \< 0.05). Postoperative respiratory depression was not observed in any group. Mean times to first micturition and clear liquid intake were comparable between the three groups. One child in Group RD required catheterization \[[Table 4](#T4){ref-type="table"}\]. The three groups did not vary in respect to sedation or other adverse effect.

![Postoperative pain score (Children\'s Hospital of Eastern Ontario Pain Scale) in the three groups. \*Significantly higher than the other two groups](AER-8-13-g004){#F1}

![Postoperative pain score (Faces Legs Activity Cry Consolability) in the three groups. \*Significantly higher than the other two groups](AER-8-13-g005){#F2}

![Postoperative residual motor block (assessed by modified Bromage scale) in the three groups](AER-8-13-g006){#F3}

###### 

Postoperative adverse effects. Data expressed as frequency (%) or mean (standard deviation)
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DISCUSSION {#sec1-4}
==========

Many studies\[[@ref16][@ref17][@ref18]\] suggested that epidurally administered magnesium as an adjuvant could reduce the postoperative pain in adults. But few studies\[[@ref19]\] are available about the use of magnesium as an adjuvant in caudal block for postoperative analgesia in pediatrics. On the contrary, dexamethasone has been successfully administered epidurally for postoperative analgesia in adults.\[[@ref12]\] Nevertheless, there are still some concerns regarding its route of administration whether regional or systemic\[[@ref13]\] and its additive analgesic effects if administrated as adjuvant. In this study, we found that the duration of adequate caudal analgesia without the need for rescue pethidine is significantly higher in the groups receiving ropivacaine-magnesium \[median (95% confidence interval (CI):8 (5-11) h\] or ropivacaine--dexamethasone \[median (95% CI): 12 (8-16) h\] than the group receiving ropivacaine alone \[median (95% CI): 4 (3-5) h\] However, there was statistically significant difference between dexamethasone and magnesium as regards the analgesia duration. Also, rescue oral paracetamol was lower and the time to first oral paracetamol administration was significantly longer with the addition of dexamethasone or magnesium compared with caudal ropivacaine alone with improved emergence behavior score and no increased incidence of side effects.

Magnesium is known to be an NMDA receptor antagonist. NMDA receptors have been implicated in the development of central sensitivity after noxious peripheral stimulation.\[[@ref23]\] Magnesium prevents this central sensitization and whatever the route of administration, the true site of action of magnesium is at the spinal cord NMDA receptors.\[[@ref24][@ref25]\] Tanmoy *et al*.,\[[@ref26]\] evaluated the effect of adding MgSO~4~ as adjuvants to epidural bupivacaine in lower abdominal surgery and reported reduction in time of onset and establishment of epidural block. Whereas, Arcioni *et al*.,\[[@ref27]\] proved that combined intrathecal and epidural MgSO~4~ supplementation reduce the postoperative analgesic requirements. Farouk\[[@ref16]\] found that the continuous epidural magnesium started before anesthesia provided preemptive analgesia and analgesic sparing effect that improved postoperative analgesia. Also, Bilir *et al*.,\[[@ref18]\] showed that the time to first analgesia requirement was slightly longer with significant reduction in fentanyl consumption after starting epidural MgSO~4~ infusion postoperatively. Asokumar *et al*.,\[[@ref28]\] found that addition of MgSO~4~ prolonged the median duration of analgesia after intrathecal drug administration. El-Kerdawy\[[@ref29]\] studied patients received CSE followed by epidural infusion of magnesium (100 mg/h) and concluded that time to first analgesic requirement was significantly prolonged in the magnesium group compared with the control placebo group. Kim *et al*.,\[[@ref17]\] conducted a trial to evaluate the effects of epidural magnesium on cumulative dose of ropivacaine in patients with patient-controlled epidural analgesia after a thoracotomy. Magnesium group received 100 mg of magnesium in the initial dose and 4 mg in the demand dose. They observed that the analgesic requirement was lower at 12, 24, and 48 h compared with the control group (received ropivacaine only). Also, Buvanendran *et al*.,\[[@ref28]\] used magnesium intrathecally and demonstrated that 50 mg intrathecal use of magnesium prolonged analgesia in adults. In contrast to our results, Birbicer *et al*.,\[[@ref19]\] who compared ropivacaine 0.25% plus 50 mg magnesium to ropivacaine 0.25% alone for caudal anesthesia in children. They concluded that that addition of magnesium as an adjuvant agent to local anesthetics for caudal analgesia has no effect on postoperative pain and analgesic need. On the contrary, Ko *et al*.,\[[@ref24]\] found that perioperative intravenous administration of magnesium sulfate 50 mg/kg does not reduce postoperative analgesic requirements which could be attributed to the finding that the perioperative intravenous administration of MgSO~4~ did not increase cerebrospinal fluid magnesium concentration due to inability to cross blood brain barrier.

The effects of systemic dexamethasone in reducing postoperative pain and morbidity have been studied in children. Results have been conflicting; some studies demonstrating benefit and others not\[[@ref30][@ref31][@ref32][@ref33]\] In addition, most published studies for children have been limited to the otolaryngology procedures with wide ranges of dexamethasone (0.4-1.0 mg kg 21 with maximum doses from 8 to 50 mg). Also, Hong *et al*.,\[[@ref13]\] concluded that an intravenous dexamethasone in combination with a caudal block with ropivacaine reduces the intensity of postoperative pain and prolongs analgesic duration after paediatric orchiopexy. In line with our results, Thomas and Beevi\[[@ref34]\] found preoperative epidural administration of dexamethasone 5 mg, with or without bupivacaine, reduces postoperative pain and morphine consumption following laparoscopic cholecystectomy. Also, Khafagy *et al*.,\[[@ref12]\] found epidural bupivacaine-dexamethasone admixture had almost the same analgesic potency as bupivacaine-fentanyl with opioid-sparing and antiemetic effects. A recent study\[[@ref35]\] concluded that caudal ropivacaine/dexamethasone provided safe profound labor analgesia, spared the need for perineal anesthesia for episiotomy repair, and minimized the need for subsequent analgesia.

Wang *et al*.,\[[@ref36]\] showed that epidural administration of dexamethasone 5 mg reduces the incidence and severity of postepidural backache following hemorroidectomy with no adverse effects over a 3-day follow-up period, In contrast Maillefert *et al*.,\[[@ref37]\] found that a much larger dose of epidural dexamethasone (15 mg) may induce transient adrenal suppression.

Our results are in line with the local application of corticosteroid at the surgical site following lumbar discectomy.\[[@ref38]\] In contrast to the findings from our study, intrathecal administration of corticosteroids in a rat model has been shown to have a mild effect on nociception-driven spinal sensitization.\[[@ref39]\] Blanloeil *et al*.,\[[@ref40]\] reported that epidural steroids do not decrease pain after thoracotomy, although in their study the opioid consumption was less in patients who received epidural steroids. Possible explanations to account for differences between these studies include sampling size differences and different steroids with different potencies.

The exact mechanism of dexamethasone analgesic effect is not fully understood. Systemic administration of steroids has been found to suppress tissue levels of bradykinin\[[@ref41]\] and the release of neuropeptides from nerve endings,\[[@ref42]\] both of which can enhance nociception in inflamed tissue. Dexamethasone inhibits the synthesis of the cyclooxygenase isoform-2 in peripheral tissues and in the central nervous system resulting in reduction in prostaglandin production which might contribute to analgesia.\[[@ref43]\] Another possible mechanism is abolishment or suppression of inflammatory cytokine release with its subsequent nociceptive effects, in line with this assumption, Wang *et al*.,\[[@ref44]\] found epidural dexamethasone as adjuvant to epidural analgesia, prevented elevation of maternal temperature, and prevented increased serum levels of interleukin-6, one of the potent inflammatory cytokines.

CONCLUSION {#sec1-5}
==========

The addition of dexamethasone or magnesium to caudal 0.15% ropivacaine significantly prolonged the duration of postoperative analgesia in children undergoing inguinal hernia repair with significant advantage of dexamethasone over magnesium as regard analgesia duration. Also, the need for rescue postoperative analgesic was reduced with fewer incidences of emergence agitation and without prolongation of motor blockade or an increase in incidence of side effects.
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